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BASE RATES VERSUS SAMPLE ACCURACY:
COMPETITION FOR CONTROL IN HUMAN
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People often place undue weight on specific sources of information (case cues) and insufficient weight
on more global sources (base rates) even when the latter are highly predictive, a phenomenon termed
base-rate neglect. This phenomenon was first demonstrated with paper-and-pencil tasks, and also occurs
in a matching-to-sample procedure in which subjects directly experience case sample (cue) accuracy
and base rates, and in which discrete, nonverbal choices are made. In two nonverbal experiments,
subjects were exposed to hundreds of trials in which they chose between two response options that
were both probabilistically reinforced. In Experiment 1, following one of two possible samples (the
unpredictive sample), either response was reinforced with a .5 probability. The other sample (pre-
dictive) provided reinforcement for matching on 80% of the trials in one condition but in only 20%
of the trials in another condition. Subjects’ choices following the unpredictive sample were deter-
mined primarily by the contingencies in effect for the predictive sample: If matching was reinforced
following the predictive sample, subjects tended to match the unpredictive sample as well; if coun-
termatching the predictive sample was generally reinforced, subjects tended to countermatch the
unpredictive sample. These results demonstrate only weak control by base rates. In Experiment 2,
base rates and sample accuracy were simultaneously varied in opposite directions to keep one set of
conditional probabilities constant. Subjects’ choices were determined primarily by the overall accu-
racy of the sample, again demonstrating only weak control by base rates. The same pattern of choice
occurred whether this pattern increased or decreased rate of reinforcement. Together, the results
of the two experiments provide a clear empirical demonstration of base-rate neglect.
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Recently, the problem of base-rate neglect
has captured the attention of behavioral
(Rachlin, 1989) and cognitive (Koehler,
1996) approaches to decision making. In
base-rate experiments subjects are provided
with two sources of information: (a) how of-
ten each of two outcomes occurs in a general
population (base-rate information), and (b)
a cue that bears some relation to the out-
come. The subject’s task is to select the more
likely outcome, or to provide a verbal esti-
mate of the probability of one or both out-
comes. Typically, adult humans have been
found to underweight the base-rate informa-
tion and overweight the accuracy of the cue,
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whether the probabilistic relations are con-
veyed verbally (Tversky & Kahneman, 1982)
or are directly experienced (Goodie & Fan-
tino, 1995, 1996).

A good example of a base-rate problem is
given by Eddy (1982), who asked physicians
to estimate the probability that a particular
woman had breast cancer if she has tested
positive in a mammogram, given the follow-
ing data:

(a) 1% of all women in her reference class
have breast cancer.
(b) If a patient has breast cancer, the proba-
bility that the mammogram will be positive is
79%.
(c) If a patient does not have cancer, the
chance of having a positive mammogram is
9.6%.

The mammogram problem can be solved
with reference to the frequency table in Fig-
ure 1, which shows expected incidence of
positive and negative tests, and breast cancer
being present and absent, in a population of
10,000 women (see Gigerenzer & Hoffrage,
1995). It would be more common for the test
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Fig. 1. Incidence table for 10,000 cases in the mammography problem (Eddy, 1982). Because 1% of all women
have breast cancer, .01 3 10,000 5 100 is the marginal sum of the first row, and 9,900 is the sum of the second row.
Of the 100 women who have breast cancer, the test would accurately diagnosis 79% of them (100 3 .79 5 79) as
having breast cancer and would be negative for the other 21% (21). Of the 9,900 women who do not have breast
cancer, the test would wrongly identify 9.6% of them (9,900 3 .096 5 950) as having the disease, and would correctly
be negative for the other 90.4% (8,950). In 10,000 screenings, then, 79 1 950 5 1,029 would come back positive,
and of those, 79 would actually be associated with breast cancer. Hence given that the test is positive, there is a 79/
950 5 7.7% chance that the woman in fact has breast cancer.

to incorrectly identify a healthy woman as
having the disease (.096 3 .99 3 10,000 5
950 of the 10,000 cases) than for a woman
with the disease to be correctly identified (.79
3 .01 3 10,000 5 79 of the 10,000 cases).
Thus, given that the test is positive (which
happens 79 1 950 5 1,029 times out of
10,000 cases), the probability that the woman
actually has breast cancer is 79/1,029 5 7.7%,
the correct answer to the problem. However,
Eddy (1982) found that few physicians ar-
rived at this answer to the problem.

The mammogram problem is one example
of reasoning according to Bayes’s theorem,
which has been widely adopted as normative
(Tversky & Kahneman, 1982). The ‘‘odds
form’’ of Bayes’s theorem states that

posterior odds 5 prior odds 3 likelihood
ratio. (1)

The posterior odds of a situation is the ratio
of the probabilities of two exclusive states of
the world (or hypotheses, ordinarily indicat-
ed as H1 and H2) after some new information
(or data, ordinarily indicated as D) has be-
come known. Thus,

p(H z D )1posterior odds 5 , (2)
p(H z D)2

where p(H1 z D) is read ‘‘the probability of H1,
given D.’’ In the mammogram problem, the
hypotheses are that a particular woman has
or does not have breast cancer, and the da-
tum is the positive test result.

The prior odds is the ratio of the same
probabilities before the new information ar-
rived; thus,

p(H )1prior odds 5 . (3)
p(H )2

If we take the presence of breast cancer to be
H1 and its absence to be H2, then p(H1) 5 1%
and p(H2) 5 99%. The prior odds are .01/
.99 5 0.0101.

The likelihood ratio is the ratio of the
probabilities that the new information (D)
would occur, given that each of the two pos-
sible states of the world was in effect; thus,

p(D z H )1likelihood ratio 5 . (4)
p(D z H )2

In the mammogram problem, p(D z H1) 5
79% and p(D z H2) 5 9.6%, so that the likeli-
hood ratio is .79/.096 5 8.23. Substituting
the definitions in Equations 2 through 4 into
Equation 1,

p(H z D) p(H ) p(D z H )1 1 15 3 . (5)
p(H z D) p(H ) p(D z H )2 2 2

Inserting the prior odds and likelihood ratio
in Equation 5 gives posterior odds of 0.0101
3 8.23 5 .083. Because p(H1 z D) 1 p(H2 z D)
5 1, we can solve for either one, and solving
for p(H1 z D) gives the same 7.7% as was de-
rived using the incidence table.

Eddy (1982) and Casscells, Schoenberger,
and Graboys (1978) found that physicians of-
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Fig. 2. Incidence tables and procedure (panels a and b) for one condition within an experiment previously
conducted (Goodie & Fantino, 1995, Experiment 1), which was replicated in the present Experiment 1. The incidence
table and procedure for the other group in Experiment 1 are also given (panels c and d). Following a probabilistically
presented sample, each alternative choice is reinforced with the probability given. The groups differ only in the
contingencies of reinforcement for choices following a green cue.

ten reported under these circumstances that
a woman has a 79% chance of having breast
cancer, apparently confusing p(D z H) for
p(H z D). More generally, experts and laypeo-
ple alike seem to report posterior odds that
are too close to the likelihood ratio and not
sufficiently affected by prior probabilities. Be-
cause many prior probabilities are global base
rates comparable to the 1% rate of breast
cancer in the population (but see McKenzie,
1994), this phenomenon has been termed
base-rate neglect (Bar-Hillel, 1980), and has
proven to be quite robust (see Koehler, 1996,
for a recent review). People respond to a mul-
titude of Bayesian questions by holding the
accuracy of a case-specific cue (p[D z H]) to
closely represent the posterior probability of
the event it predicted (p[H z D]).

In some studies, subjects are not simply
told the probabilities with which various
events occur; rather, they are given direct ex-
perience with cases, their test results and out-
comes, before judging any probabilities.

Some investigators assume that such direct
experience with contingencies is equivalent
to verbal descriptions of these contingencies.
Giving subjects direct contact with probabilis-
tic events confers methodological advantages
because an experimenter can more effective-
ly control a subject’s history of reinforcement
with respect to the repeated events in an ex-
periment than a subject’s preexperimental
verbal history (Goodie, 1997b).

A literature has emerged to suggest that
base-rate neglect does in fact prevail under
conditions of direct experience (Edgell, Roe,
& Dodd, 1996; Estes, Campbell, Hatsopoulos,
& Hurwitz, 1989; Gluck & Bower, 1988; Good-
ie & Fantino, 1995, 1996; Nosofsky, Kruschke,
& McKinley, 1992; Shanks, 1990). The basic
procedure of one condition from such an ex-
periment (Goodie & Fantino, 1995, Experi-
ment 1) is reproduced in the left side of Fig-
ure 2, along with the incidence table from
which it derives. It employs a base rate of 33%
reinforcement for choosing green and a sam-
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ple accuracy of 67%. (Henceforward, each
condition will be identified by its base rate
and sample accuracy, separated by a slash.
Thus, a group experiencing a base rate of
33% and a sample accuracy of 67% is re-
ferred to as 33%/67%.) In discussing out-
come events, for the sake of clarity we adopt
the convention of referring to green as the
color whose selection has the greater base
rate of being correct. In actuality, though,
this variable has always been counterbalanced
between subjects so that for half of all sub-
jects, selecting blue is correct more often.
This is also true of the experiments conduct-
ed in the present study. Because the inci-
dence table in Figure 2a dictates that blue
appears as the sample 11 1 45 5 56 times
out of every 100, blue appeared as the sample
56% of the time. When the sample was blue,
the reinforced choice was blue 45 of those 56
times; thus, choosing blue following a blue
sample was reinforced with 45/56 5 80%
probability, and choosing green following a
blue sample was reinforced with 11/56 5
20% probability. By identical reasoning,
green appeared as the sample on the 44% of
trials when blue did not, and when it did, a
green choice was reinforced with 50% prob-
ability, and a blue choice was reinforced with
50% probability.

Figure 2b depicts the procedure in terms
of a delayed matching-to-sample procedure
in which an intertrial interval (ITI) is fol-
lowed by a green or blue sample and then by
a choice between green and blue compari-
sons. The procedure differs from more typi-
cal matching-to-sample procedures in that
the two samples need not always be equi-
probable and a match is not always rein-
forced. Another way of stating this is to say
that the sample accuracy is less than 1.0.

Three sorts of predictions might be made
concerning performance under these condi-
tions. The first is that subjects will choose in
a way that maximizes reinforcement, namely
indifference following green samples and ex-
clusive matching of blue samples. The second
prediction in this setting is base-rate neglect,
where choice proportions adhere more close-
ly to the global sample accuracy than to the
conditional probabilities associated with each
sample.

The third prediction is probability match-
ing. A rich literature on the probability learn-

ing paradigm exists (Humphreys, 1939; My-
ers, 1976), wherein subjects are exposed to
many unpredictable events to observe how
such experience influences their predictions
of future events. In general, people in such
situations predict the events in proportion to
their rates of occurrence (Myers, 1976), a
phenomenon termed probability matching,
which is typically viewed as an error on the
subject’s part. Each time a subject predicts
the less likely event, his or her probability of
being ‘‘correct’’ (and procuring whatever re-
inforcer comes with being correct) declines,
reducing the expected payoff. Exclusively
predicting the more common outcome would
thus maximize reinforcement. Interestingly,
pigeons do not exhibit probability matching,
but rather maximize under comparable cir-
cumstances (e.g., Herrnstein & Loveland,
1975). Moreover, pigeons do not exhibit
base-rate neglect. Hartl and Fantino (1996)
studied pigeons in a matching-to-sample pro-
cedure analogous to those of Goodie and
Fantino (1995). Their pigeons typically re-
sponded optimally, in terms of maximizing
rate of reinforcement, with choice controlled
by the sample when it was more discrimina-
tive of reinforcement than the base rates, and
by base rates when they were more discrimi-
native of reinforcement schedules than the
sample. A number of studies have added to
the probability learning design by employing
a conditional cue that signaled which of two
sets of probabilities was in effect. Subjects typ-
ically matched the posterior probabilities as-
sociated with each cue (see Castellan, 1977,
for a review).

In the setting depicted in Figure 2, Goodie
and Fantino’s (1995) subjects (college stu-
dents) matched the green sample consider-
ably more than half the time. Because rein-
forcement is equiprobable given either choice,
this fact has no normative implications. How-
ever, another group in the same experiment
experienced a different sample accuracy, such
that matching a blue sample was reinforced
33% of the time, and countermatching blue
(i.e., selecting green following a blue sample)
was reinforced 67% of the time. Subjects in
this group showed a suboptimal pattern of re-
sponding, matching the blue sample 56% of
the time on average, deviating from both op-
timization and probability matching accounts.
This cost of such deviation was compounded
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in another experiment by rewarding correct
selections with money, and base-rate neglect
persisted (Goodie & Fantino, 1995, Experi-
ment 2). Our experiments (Goodie & Fantino,
1995) differed from those described in the
probability learning literature by using cues
and outcomes that are identical to each other,
and this difference likely accounts for our dif-
ferent data patterns. In support of this hypoth-
esis, follow-up studies (Goodie, 1997a, Exper-
iment 1; Goodie & Fantino, 1996) employed
lines as samples that varied on the dimension
of orientation, in advance of choice options
that varied in color, and probability matching
was observed, suggesting that line orientation
had acquired appropriate discriminative con-
trol.

Surprisingly, this and other studies that
demonstrate base-rate neglect under direct
experience have not manipulated the base
rates that, the researchers conclude, subjects
neglect. The inference is instead drawn from
data points that deviate from an optimal stan-
dard in a direction consistent with base-rate
neglect. However, to demonstrate that base
rates are in fact neglected, it is desirable to
examine behavior in relation to two or more
base rates in an experiment and to show that
behavior is insufficiently altered thereby.

Two experiments were conducted in an at-
tempt to measure the relative influence of
base rates and sample accuracy on choice in
a matching-to-sample context. When one ma-
nipulates base rates in isolation, however, this
inevitably results in comparable changes in
the posterior probabilities (see Equation 1),
making it difficult or impossible to determine
whether the controlling factor in changed be-
havior is the base rates or the posterior prob-
abilities. However, if one manipulates both
base rates and sample accuracy simultaneous-
ly, increasing one while decreasing the other,
it is possible to balance them so that the pos-
terior probability remains constant. Of the
three terms—base rates, sample accuracy, and
posterior probability—one increases, one de-
creases, and one stays constant. The existence
and direction of any change in predictive be-
havior can uniquely identify the term to
which behavior is anchored.

EXPERIMENT 1
Two groups of subjects were studied: One

experienced conditions of a 67% base rate in

favor of green and 33% accurate sample
(67%/33%); the other experienced a 33%
base rate and a 67% accurate sample (33%/
67%). These conditions yield contingencies
of reinforcement depicted in panels b and d
of Figure 2. Note that in both conditions, the
green sample appears on 44% of all trials and
is associated with a 50% probability of rein-
forcement, whichever choice is made. Match-
ing the blue sample is associated with a 20%
probability of reinforcement in the 67%/
33% condition, but with 80% reinforcement
in the 33%/67% condition. In a condition
equivalent to the 33%/67% condition, Good-
ie and Fantino (1995) demonstrated predom-
inant matching to the green sample. The
present experiment sought to replicate and
extend this effect by asking how often the
67%/33% group would match the green sam-
ple.

Three outcomes are possible. First, sub-
jects’ choices may be primarily controlled by
the rate at which matching the sample is re-
inforced. Matching the sample is, on the
whole, reinforced less frequently for the
67%/33% group than for the 33%/67%
group. This hypothesis would therefore be
supported if subjects in the 33%/67% group
matched the green sample more often than
did those in the 67%/33% group. In the past
(Goodie & Fantino, 1995, 1996), the 33%/
67% group has been observed to match the
green sample well over half the time. Al-
though consistent with an interpretation
based on preponderant control by overall
sample accuracy, more conclusive support
would come from comparing the matching
frequencies with those of subjects exposed to
a 67%/33% arrangement.

A second possibility is that choice is con-
trolled by the relative rates at which choosing
the two colors are reinforced, regardless of
the sample. Choosing blue is reinforced less
often for the 67%/33% group than for the
33%/67% group, so the 67%/33% subjects
might be expected to choose blue less often
overall, and therefore choose green more,
particularly following a green sample. Such
an outcome would suggest predominant con-
trol by base rates. Although this outcome
seemed unlikely in light of all prior research
on humans, it would be consistent with pre-
vious experiments under comparable condi-
tions with pigeons (Hartl & Fantino, 1996).
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These possibilities are in conflict. The first
predicts that the 33%/67% group will match
the green sample more often than the 67%/
33% group will, whereas the second predicts
that the 33%/67% groups will match the
green sample less often than the 67%/33%
group will. These hypotheses also represent
predominance in the competition for control
of choice by either base rates (the second
possibility) or sample accuracy (the first pos-
sibility).

The third possibility is that performance
would reflect the combined influence of base
rates and sample accuracy in a manner con-
sistent with Bayes’s theorem. This kind of
control would result in probability matching
based on the conditional probabilities of re-
inforcement for each choice option in the
presence of each sample. Because green sam-
ples in both experimental conditions are as-
sociated with the same conditional probabilities
of reinforcement, varying the contingencies
associated with the blue sample would have
no effect on matching of the green sample.

METHOD

Subjects and Apparatus

Twelve undergraduates at the University of
California, San Diego participated as subjects,
receiving credit for lower division psychology
courses in compensation. The study was ap-
proved by the University Institutional Review
Board.

Experimental sessions were conducted in a
room (3 m by 2.1 m) with white walls that
were bare except for a blank chalkboard on
the front wall. A desk and table placed along
the front wall and a chair in front of the desk
furnished the room; a ventilation system re-
duced external noise. The only window was a
one-way mirror in the door, which was near
the back of the room. The room was illumi-
nated.

All experimental events were controlled
and recorded by a desktop computer with an
Intel 386 processor, VGA graphics, and a col-
or monitor. Responses were made on the
computer’s keyboard. The keyboard sat in
front of the CPU and monitor.

Procedure

Stimuli and task. An instruction form told
subjects:

In this experiment, you will periodically see
two colored shapes, and it is your task to pick
the correct one by pressing ‘‘d’’ to pick the
one on the left, or ‘‘k’’ to pick the one on the
right. You will receive a clue beforehand to
help you pick the correct side. Please don’t
use any outside tools, such as a pencil and pa-
per, to help you remember what you saw.

You will earn one point for each correct an-
swer. The average score is about 120, and a
score of 150 or better would place you in the
top 20%. Please keep playing for the whole
session and try to earn as many points as pos-
sible.

The benchmarks provided in the second
paragraph were intended to be lower than
the true 50 and 80 percentile scores, so that
almost all subjects would avoid any aversive
effects of being ‘‘below average.’’ In fact, the
‘‘top 20%’’ score would have been achieved
by random choice. Instructions were read
aloud by the experimenter while the subject
held and could read a separate copy. The sub-
ject’s copy was left on the desk during all ses-
sions, and no instructions were given regard-
ing future reference to it. Points had no
extrinsic value.

A trial consisted of a 2-s ITI followed by a
sample, a choice array, and feedback. The in-
struction, ‘‘Press any key to continue . . .,’’ ap-
peared beneath the sample; pressing any key
removed the sample and initiated a 2-s delay.
The choice array consisted of a blue rectan-
gle and a green rectangle, displayed side by
side on the monitor, counterbalanced by side
across trials. Subjects pressed d or k on the
keyboard to choose between the two figures,
d for the figure on the left and k for the fig-
ure on the right. A single press immediately
produced either the message ‘‘That is cor-
rect! You now have [cumulative total]
points,’’ or ‘‘Sorry, that is incorrect. You still
have [cumulative total] points.’’ ‘‘Press any
key to continue . . .’’ appeared below the
feedback message. Pressing a key removed
both messages and initiated a 2-s ITI. Figure
3 presents a detailed schematic diagram of
the progression of each trial for subjects in
the 33%/67% group. The other group dif-
fered only in the probabilities associated with
the outcomes.

Subjects were randomly assigned to two
groups, termed 67%/33% and 33%/67% af-
ter the base rates and global sample accura-
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Fig. 3. Detailed delayed matching-to-sample procedure for the 33%/67% group in Experiment 1. Following a 2-
s ITI, a green sample was presented with 44% probability, or else a blue sample was presented. Responding on a
fixed-ratio 1 schedule removed the sample and initiated a 2-s retention interval, which was followed by the choice
phase. If a subject matched a green sample, reinforcement was presented with 50% probability, or else nonreinforce-
ment was presented. If a subject countermatched a green sample, the probability of reinforcement was still 50%. If
a subject matched a blue sample, reinforcement was presented with 80% probability, or else nonreinforcement was
presented. If a subject countermatched a blue sample, reinforcement was presented with 20% probability, or else
nonreinforcement was presented. The 67%/33% group differed only in the probabilities with which matching and
countermatching of the blue sample were reinforced.

cies they encountered. The probabilistic con-
tingencies of reinforcement created by these
values are depicted in Figure 2. The color
with the greater base rate was counterbal-
anced between subjects.

Sessions lasted 300 trials or 50 min, which-
ever passed first. At the end of a session, a
message appeared on the computer screen:
‘‘The session has now ended.’’ The experi-
menter could see this message through the
one-way mirror, and entered the room to re-
lease the subject from the experimental set-
ting. Each subject completed two sessions.

RESULTS AND DISCUSSION

Individual subjects’ choice proportions
were computed over blocks of 60 trials, and
the results are presented in Figure 4. Over-

whelmingly, subjects in the 33%/67% group
matched green samples more often than did
subjects in the 67%/33% group. A t test per-
formed on mean matching proportion over
the final four blocks of training was signifi-
cant, t(10, one-tailed) 5 5.53; p , .05, and
indeed the data reveal no overlap between
groups: Every member of the 33%/67%
group matched green more often than every
member of the 67%/33% group, both over
all trials and in the final four blocks. In ad-
dition, every subject in the 33%/67% group
matched the green sample more than the
50% dictated by probability matching, over
all trials and over the final four blocks. Every
subject in the 67%/33% group matched the
green sample less than 50% of the time over-
all, and 5 of the 6 did so over the final four
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Fig. 4. The results of Experiment 1. Proportions matching green and blue samples are presented for each block
of 60 trials. Subjects in the 33%/67% group all matched green samples more often than subjects in the 67%/33%
group did, even though they were associated with identical contingencies of reinforcement.

blocks. (S3 matched the green sample 52%
of the time.) The mean difference between
the groups was 57 percentage points in the
final four blocks (85% vs. 28%).

These results suggest that responding was
affected more by sample accuracy and less by
base rates than Bayes’ theorem would sug-
gest. That subjects in the 67%/33% group
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Fig. 5. Incidence tables and procedures for the three
groups in Experiment 2. (a) The 60%/70% group was
expected to match both samples most of the time, which
is not considered base-rate neglect because the contin-
gencies favor preference for matching. (b) Despite no
change in the contingencies associated with the green
sample, the 70%/60% group was expected to match less
than the 60%/70% group, an effect that would reduce
obtained reinforcement. Matching of the blue cue was
expected to decrease, which would increase reinforce-
ment. (c) Despite no change in the contingencies asso-
ciated with the blue cue, the 40%/30% group was ex-
pected to match it less than the 70%/60% group. This
would increase reinforcement.

did not consistently match blue samples also
suggests that the preponderant matching of
green samples in prior experiments (e.g.,
Goodie & Fantino, 1995) was not due pri-
marily to preexperimental bias to match col-
ors.

It cannot be concluded on the basis of
these results, however, that there is no bias to
match colors. The results from both blue and
green samples are not symmetrical around
the 50% mark, as one would expect if there
were no bias, but rather there is a trend to-
ward matching. Subjects in the 33%/67%
condition overshot the probability associated
with a green sample by 35 percentage points
overall (35 in the final four blocks), but those
in the 67%/33% group undershot by only 14
percentage points overall (22 in the final four
blocks). Likewise, when faced with an 80%
probability of reinforcement for matching
blue, subjects in the 33%/67% group over-
shot this probability by nine percentage
points overall; but when faced with an 80%
probability of reinforcement for counter-
matching blue samples, those in the 67%/
33% group undershot this mark by five per-
centage points. Interestingly, this difference
largely dissipated in the final four blocks:
Subjects in the 33%/67% group overshot the
80% probability by seven percentage points,
but the 67%/33% group overshot by 10 per-
centage points. This dissipation could be due
to joint effects of random variation and ceil-
ing effects at stability.

EXPERIMENT 2

Experiment 2 employed three groups of
subjects, each of which experienced one of
the following base rate/sample accuracy com-
binations: 60%/70%, 70%/60%, and 40%/
30%, as depicted in Figure 5. There are two
comparisons of note to be made. The first is
between the 60%/70% and 70%/60% groups
on rates of matching the green sample. When
the base rate of reinforced green trials in-
creases from 60% to 70% and the accuracy
of the sample simultaneously decreases from
70% to 60%, these effects exactly counteract
each other in Equation 5. The posterior prob-
ability of reinforcement for matching a green
sample is therefore equal for the two groups
(Figure 5a and b). We may ask whether the
base rate or the sample accuracy, which again

varied in opposite directions, has primary
control over choice. (Also note that the pro-
portion of trials on which each sample ap-
peared remained constant, removing one
class of explanations for any observed ef-
fects.) For the comparison between the 70%/
60% and 40%/30% groups, we consider the
effect of the differences on rates of matching
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the blue sample, which is associated with the
same contingencies of reinforcement. The
70% base rate experienced by subjects in the
70%/60% group is the base rate of rein-
forced green trials, making the base rate of
reinforced blue trials 30%. Similarly, subjects
in the 40%/30% group have a 40% base rate
of reinforced green trials and therefore a
60% base rate of reinforced blue trials. Thus,
for trials with a blue sample, the relevant base
rate has increased (between the groups) from
30% to 60%, and the sample accuracy has de-
clined from 60% to 30%. These contradictory
tendencies exactly counteract each other, al-
lowing for the equal posterior probabilities
depicted in Figure 5b and c.

The predictions of two versions of the hy-
pothesis of base-rate neglect may be consid-
ered here. According to the stronger version,
only sample accuracy influences choice. Little
difference in choice proportions following a
blue sample should be observed between the
60%/70% and 70%/60% groups, because
the sample accuracy differs by only 10% be-
tween these two conditions (70% vs. 60%).
This is inconsistent with both probability
matching, which implies a difference of 22
percentage points (the difference in rein-
forcement rates for matching blue in Figure
5a and b; 61% vs. 39%), and optimization,
which requires a difference of 100% (choos-
ing blue exclusively following a blue sample,
Figure 5a, and choosing green exclusively fol-
lowing a blue sample, Figure 5b). In the con-
dition depicted in Figure 5a, subjects maxi-
mize reinforcement by always choosing blue
following a blue sample; in the condition de-
picted in Figure 5b, they maximize reinforce-
ment by always choosing green following a
blue sample. Also, although the conditional
probabilities associated with the blue sample
are the same in the 70%/60% and 40%/30%
groups (see Figure 5b and c), the difference
between the groups’ global sample accuracy
is three times as great as between the 60%/
70% and 70%/60% groups (30% difference
vs. 10% difference in sample accuracy
summed over all trials). The strong hypoth-
esis therefore predicts a larger shift in choice
proportions between the second two groups.

The strength of these predictions derives
from the assumption that base rates have no
effect on choice, an assumption that is gen-
erally stronger than the data warrant (Koeh-

ler, 1996). The weaker version of the hypoth-
esis makes claims only about responding to
samples associated with equal conditional
probabilities of reinforcement for matching,
claiming that those groups experiencing
greater overall sample accuracy will match
these samples more than groups with lesser
overall sample accuracy, despite their equal
conditional probabilities. This is the version
of the hypothesis employed in Experiment 1.
Hence, the prediction was made that the
60%/70% group would match the green sam-
ple more than the 70%/60% group because
of its higher sample accuracy, despite identi-
cal probabilities of reinforcement associated
with the green sample and a lower base rate
of green outcomes. For the same reason, it
was also predicted that the 70%/60% group
would match the blue sample more than the
40%/30% group.

METHOD

Subjects. Eighteen undergraduates at the
University of California, San Diego partici-
pated as subjects, receiving credit for lower
division psychology courses in compensation.

Procedure. The apparatus, stimuli, trial
structure, and instructions were as they had
been in Experiment 1. Subjects completed
one session of 300 trials or 50 min, whichever
passed first. Sessions were terminated in the
same manner as they were in Experiment 1.

Three groups of subjects were studied,
termed 60%/70%, 70%/60%, and 40%/30%
after the base rates and global sample accu-
racies they encountered. The probabilistic
contingencies of reinforcement created by
these values are depicted in Figure 5. Subjects
were randomly assigned to the two groups,
and the color with the greater base rate was
counterbalanced between subjects.

RESULTS AND DISCUSSION

The results are presented in Figure 6, with
individual data presented in Table 1. The
weaker hypothesis predicted that subjects in
the 60%/70% group would match green sam-
ples more than subjects in the 70%/60%
group, and that subjects in the 70%/60%
group would match blue samples more than
subjects in the 40%/30% group. The stron-
ger hypothesis made these predictions but
also predicted that although subjects in the
60%/70% group would match blue samples
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Fig. 6. Overall matching proportions in the three conditions of Experiment 2. The predictions of the weaker
base-rate neglect hypothesis were confirmed, but not those of the stronger hypothesis. Error bars represent standard
error of the mean.

Table 1

Choice proportions of each subject in each experimental group matching each sample in
Experiment 2.

Proportion matching green Proportion matching blue

Subject

Block

1 2 3 4 5

Block

1 2 3 4 5

60%/70% group
3
6
9

.563

.844

.938

.938

.844

.875

.781

.969

.719

.688

.969

.688

.719

.969

.688

.593

.741

.926

.893
1.000
.857

.786

.929

.786

.786
1.000
.893

.500

.929

.857
12
15
18

.469

.844

.844

.563

.750

.969

.906

.719
1.000

.906

.906
1.000

.938

.781
1.000

.556

.852

.704

.500

.893

.964

.679

.750
1.000

.821

.786

.929

.857

.714
1.000

70%/60% group
1
4
7

.625

.844

.531

.719

.813

.500

.781

.813

.469

.750

.875

.625

.875

.563

.375

.667

.593

.519

.786

.607

.464

.893

.679

.714

.643

.714

.464

.786

.536

.393
10
13
16

.563

.875

.719

.875

.938

.531

.781

.750

.469

.906

.750

.531

.688

.813

.563

.667

.741

.333

.393

.679

.464

.643

.679

.643

.214

.571

.464

.286

.643

.571

40%/30 group
2
5
8

11

.313

.469

.375

.250

.688

.375

.094

.469

.344

.281

.063

.375

.250

.406

.000

.438

.594

.438

.156

.469

.444

.630

.481

.259

.500

.250

.036

.393

.607

.536

.036

.179

.393

.393

.143

.643

.571

.357

.536

.357
14
17

.469

.563
.344
.594

.406

.188
.281
.219

.250

.313
.407
.185

.571

.714
.464
.393

.714

.357
.857
.357

more than subjects in the 70%/60% group,
this effect would be relatively small.

Both of the effects predicted by the weaker
hypothesis were evident at the group level:
Matching declined with overall sample accu-
racy, even as the base rate of the color in
question increased, and the conditional

Bayesian probabilities associated with the
sample were unchanged. In the case of the
green comparison, the base rate of green
events increased (between the groups) from
60% to 70%. In the case of the blue compar-
ison, the base rate of green events declined
from 70% to 40%, so that the base rate of
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blue events increased from 30% to 60%. Both
effects were statistically significant over the
entire span of training; for the green com-
parison, t(10, one-tailed) 5 1.96, p , .05; for
the blue comparison, t(10, one-tailed) 5
2.23, p , .05. However, the support for base-
rate neglect was less evident at the level of
individual subjects, where there was consid-
erable variability within and between subjects
and overlap between groups (see Table 1). In
particular, the greater within-subject variabil-
ity evident in the comparison of matching
proportions associated with the blue sample
in the 70%/60% and 40%/30% groups sug-
gests that overly strong conclusions should
not be drawn from this comparison.

The strong version of the base-rate neglect
hypothesis was not supported. Despite en-
countering samples that were only 10% more
accurate, the 60%/70% group matched the
blue sample considerably more than 70%/
60% group did (average choice proportions
of .82 vs. .58, a difference of .24). This dif-
ference was statistically significant, t(10) 5
3.65, p , .05, and was greater than that be-
tween the 70%/60% and 40%/30% groups
(.58 vs. .43, a difference of .15). The strong
version of the base-rate neglect hypothesis
predicted that the latter difference would be
greater because it was associated with a great-
er difference in overall sample accuracy. The
findings represent more evidence that base-
rate neglect is not absolute. However, they
also represent further evidence that base
rates influence choice less than would be ex-
pected within a Bayesian framework.

GENERAL DISCUSSION

These two experiments compared choice
across pairs of conditions in which subjects
experienced the same conditional probabili-
ties of reinforcement for matching one of the
colors (e.g., green), but for which base rates
and overall sample accuracies both differed.
By varying base rate and sample accuracy in
opposite directions (i.e., by increasing the
base rate of one color while lowering sample
accuracy), the conditional probability of re-
inforcement was held constant. A major ques-
tion was whether choice of a color would re-
main constant or, if not, would it deviate from
constancy in the direction of the change in
base rates or toward the sample accuracy? In

other words, would base rates or sample ac-
curacy be more effective in controlling
matching-to-sample responding? In all cases,
choice was controlled primarily by sample ac-
curacy, consistent with the phenomenon of
base-rate neglect. This effect was most evident
in Experiment 1. Although the data in Ex-
periment 2 tended in the same direction,
within- and between-subjects variability was
considerably greater.

Although these results are consistent with
previous reports of base-rate neglect, it
should be emphasized that the results also
demonstrate some control over behavior by
the base rates. Base rates did influence
choice: Subjects in all groups made the more
reinforced match more often than they made
the less reinforced match. Because overall
sample accuracy was distributed equally to
both reinforced colors, if overall sample ac-
curacy were the sole determinant of choice,
the blue sample would have been matched as
often as the green sample. That this did not
occur shows some degree of control by the
base rates.

The present studies demonstrate that a
matching-to-sample procedure can be adapt-
ed to capture the essential conditions that de-
fine the base-rate problem, the subject of
scores of studies and reviews (e.g., Koehler,
1996). These prior studies have typically em-
ployed a procedure in which subjects encoun-
ter one or a few tasks involving verbal stimuli
and hypothetical outcomes, and in which ver-
bal responses are recorded. Perhaps with re-
peated reinforced trials, base-rate neglect
would dissipate and behavior would become
more optimal, at least reaching the levels
found in probability learning experiments
discussed earlier. Repeated trials with ques-
tionnaires have yielded mixed results. Fisch-
hoff, Slovic, and Lichtenstein (1979) and
Birnbaum and Mellers (1983) found that
with multiple verbal problems employing var-
ious base rates, subjects’ probability estimates
varied in accordance with the base rates. Lin-
deman, Van Den Brink, and Hoogstraten
(1988) replicated these results but found no
carryover to a novel problem. Base-rate ne-
glect prevailed even in subjects who had been
informed of correct responses in previous
phases, suggesting that Bayesian reasoning
per se may not have been strengthened in the
training trials. The matching-to-sample pro-
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cedure provides a second way of assessing the
robustness of base-rate neglect to repeated
encounters. In the present experiments, base-
rate neglect did not dissipate substantially
with repeated trials.

A methodological limitation of the present
study concerns the use of a between-subjects
design and the degree to which experimental
control was achieved at the level of individual
subjects. This was a more substantial limita-
tion in Experiment 2, where variability was
considerable and there was overlap between
groups. However, the clear between-groups
differences in Experiment 1, coupled with
the low within-group variability, suggest that
the effects were real at the individual-subject
level.

The Difference Between Pigeons and People

The present results are consistent with our
previous data and conclusions based on adult
humans as subjects (Goodie & Fantino, 1995;
1996), but stand in contrast with those of
Hartl and Fantino (1996) with pigeons as sub-
jects. As in the present Experiment 1, Hartl
and Fantino arranged conditions in which
one sample was predictive (matching was re-
inforced with 80% probability) and another
sample was unpredictive (selecting either of
two comparisons was reinforced on half of
the trials). Unlike our humans, the pigeons
in Hartl and Fantino’s experiment tended to
countermatch the unpredictive sample, dem-
onstrating predominant control by the base
rates of the reinforced stimuli.

One possible explanation is that, unlike
adult humans, Hartl and Fantino’s (1996) pi-
geons had not acquired generalized match-
ing as an operant and therefore could not
have acquired behavior that depends on the
global accuracy of the sample. Wright and his
colleagues (Wright, Cook, Rivera, Sands, &
Delius, 1988; Wright & Delius, 1994) have
identified conditions that give rise to certain
kinds of generalized identity matching in pi-
geons. For example, when samples are drawn
from a large set, generalized identity match-
ing prevails (see also Zentall & Hogan, 1978).
It is possible that with such prior training, pi-
geons would, like adult humans, fall prey to
base-rate neglect.

Another possibility is that the differences
between pigeons and humans are related to
differences in procedure. Unlike reinforcers

typically used with pigeons, the points we
used in the present study had no extrinsic val-
ue, but rather had reinforcing effectiveness
that was established through instructions.
These instructions may have reduced sensitiv-
ity to programmed reinforcement contingen-
cies (Baron & Galizio, 1983).

However, the data contain evidence that
the points we used were in fact reinforcers.
First, consider the rate at which blue samples
were matched in Experiment 1. Recall that
these samples differed only in how frequently
matching was reinforced. For the 33%/67%
group, matching was reinforced with 80%
probability, and matching was observed
87.3% of the time over the final four blocks;
for the 67%/33% group, matching was rein-
forced with 20% probability and was observed
9.9% of the time over the same period. Thus,
the differential reinforcement of matching
resulted in a difference of 77 percentage
points in choice proportions following the
noncrucial blue sample. Second, in all con-
ditions except one (Experiment 2, 70%/60%
group, blue sample), choice proportions
were in alignment with the probabilities of
reinforcement for these choice alternatives.
Third, that the present results are in general
agreement with some of our prior work using
monetary reinforcers suggests that the effects
reported here are not limited to instructed
reinforcers with no extrinsic value.

These experiments assessed matching-to-
sample behavior as a function of sample ac-
curacy and as a function of the frequency of
reinforcement associated with the outcome
selected (base rates). Although both variables
exerted control on subjects’ responding, the
effect of sample accuracy predominated, re-
sulting in nonoptimal behavior. These results
also constitute a behavioral demonstration of
what has been termed base-rate neglect. In
addition to exploring the determinants of
matching-to-sample responding with humans,
an aim of the present studies was to employ
the behavioral methods of matching to sam-
ple to explore a phenomenon typically stud-
ied by cognitive and social psychologists, an
approach that is increasingly common in the
experimental analysis of behavior (e.g., Dav-
ison & Tustin, 1978; Donahoe & Palmer,
1989, 1994; Fantino, 1998; Kehoe, 1989;
Rachlin, 1989; Rachlin, Logue, Gibbon, &
Frankel, 1986; Shull, 1995; Silberberg, Mur-
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ray, Christensen, & Asano, 1988; White,
1985). Interestingly, there are also impulses
within the field of judgment and decision
making to pursue interactions with more an-
alytical and less normative branches of psy-
chology. Barbara Mellers (1996), then the
President of the Society for Judgment and
Decision Making, warned recently that her
field is at ‘‘the point of diminishing returns’’
and suggested broadly that ‘‘we need theories
of decision making that predict not only er-
rors, biases, and violations of axioms, but also
broader themes of psychological and social
functioning’’ (p. 3). There is in all likelihood
further room for fruitful interaction between
behavior analysts and researchers in judg-
ment and decision making.
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